Aim: The reduction of infant protein intake and associated growth velocity is a recommended public health strategy for reducing the risk of childhood obesity. This study tests the hypothesis that infants' growth and protein-rich food (dairy, meat, fish and egg) intake influences childhood body size and composition at 2-3 years of age. Methods: Thirty-six children were studied from the Feeding Queensland Babies Study Cohort, which prospectively collected data on infant growth and diet. Body composition was estimated using the deuterium oxide dilution technique at 2-3 years of age. Results: Fat-free mass index Z score at 2-3 years of age was positively associated with animal protein food (dairy, meat, fish and egg) intake at 12 months of age (r = 0.58, P = 0.002, false discovery rate corrected P value = 0.008) and negatively associated with weight-for-length growth velocity from 6 to 12 months of age (r = −0.75, P = 0.019, false discovery rate corrected P value = 0.038), which in turn was negatively associated with growth velocity from 0 to 6 months of age (r = −0.790, P = 0.007). Conclusion: This study suggests that strategies to reduce protein intake and growth velocity in early life may limit fat-free mass growth, potentially predisposing to increased adiposity in later life.
1 Faster infant weight gain is associated with increased risk of childhood overweight/obesity. 2 Early protein intake in excess of metabolic requirements enhances weight gain in infancy. 3 World-wide public health bodies and the infant formula industry are working to reduce infants' protein intake and associated growth velocity.
What this paper adds
1 Animal protein food (dairy, meat, fish and egg) intake at 12 months of age was positively associated with fat-free mass index Z score at 2-3 years of age. 2 Weight-for-length growth velocity from 6 to 12 months of age was negatively associated with fat-free mass index Z score at 2-3 years of age and growth velocity from 0 to 6 months of age. 3 Strategies to reduce protein intake and growth velocity in the first 6 months of life may limit fat-free mass growth.
Alterations in early infant growth, both prenatal and post-natal, have been associated with risk of metabolic disease in later life. 1 Numerous systematic reviews and meta-analyses have found consistent evidence for associations between high birthweight and faster infant weight gain and subsequent increased risk of overweight/obesity in childhood. 2, 3 However, studies that have explored the association between early growth and body composition suggest positive relationships with fat-free mass as well as fat mass growth. 2, 4 There is strong evidence that early protein intake in excess of metabolic requirements enhances weight gain in infancy and may increase later overweight/obesity risk, although evidence for an association with adiposity is limited. 5 Nonetheless, world-wide public health bodies and the infant formula industry are working to reduce infants' protein intake and associated growth velocity, particularly in the first 6 months of life, 6 with the aim of preventing later overweight/obesity. One mechanism proposed for the association between protein intake and early growth is the stimulation of insulin and insulinlike growth factor 1 (IGF-1) release, with dairy protein found to be particularly associated with serum IGF-1 levels. 7 An age of 12 months has been identified as the critical age at which dairy consumption is associated with increased childhood body mass index (BMI) 7 ; however, the influence on childhood body composition is unknown. This study explores the associations between infants' growth and protein-rich food (dairy, meat, fish and egg) consumption and early childhood body size and composition at 2-3 years of age.
Methods
This study utilises previously reported body composition data 8 for 36 children aged 2.24-3.12 years (female = 16) recruited from the ongoing Feeding Queensland Babies Study (FQBS). 9 The FQBS recruited first-time mothers whose children were born between June 2010 and April 2011 10 and involved mothers completing a prenatal questionnaire at 7-8 months of pregnancy followed by questionnaires at 2, 4, 6, 9 and 12 months of infant age. These questionnaires prospectively collected information on birthweight, infant growth and infant diet.
Data extracted from the FQBS
Birthweight was reported in the 2-month FQBS survey and was used to calculate the weight-for-age Z score using World Health Organization (WHO) reference data. 11 In the 6-, 9-and 12-month FQBS surveys, mothers were asked to report their infants' most recent weight and length and the date of the measurement. Weight-for-length Z scores for 6 and 12 months of age were calculated using weights and lengths collected between 5-7 and 11-13 months of age, respectively. Growth velocity was expressed as the change in weight-for-length Z score from birth to 6 months and 6 months to 12 months of age. Rapid growth velocity was defined as a change in the weight-for-length Z score of greater than 0.67 from birth to 6 months and 6 months to 12 months of age.
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Each post-natal FQBS survey asked mothers to report whether their baby had been breastfed or had been fed expressed breast milk in the previous 7 days or had been given any infant formula in the previous 2 weeks. Mothers were also asked to report the number of feedings of breast milk, infant formula and cows milk in the previous 7 days. These data were used to classify children into the following milk-feeding categories at 4, 6, 9 and 12 months of age: Breastfed (receiving only breast milk and no infant formula (or cows milk)); combined fed (receiving breast milk and infant formula (or cows milk)); and formula fed (receiving no breast milk). In addition, children were classified by breast milk consumption (yes/no) and formula consumption (yes/no) at 6, 9 and 12 months of age.
Diet was assessed in the 12-month FQBS survey using an 18-item Food Frequency Questionnaire (FFQ), which asked mothers to report the number of feedings in the previous 7 days. Total dairy serve intake was calculated by combining the reported number of feedings of the 'cow's milk' and 'other dairy foods (yoghurt, cheese, ice cream, dessert, etc.)' FFQ items. Meat, fish and egg serve intake was calculated by combining the reported number of feedings of the 'meat, chicken, combination dinners', 'fish or shellfish' and 'eggs' FFQ items. Animal protein food serve intake was calculated by combining the reported number of feedings of the total dairy and meat, fish and eggs serve intakes.
Anthropometry and body composition assessment
Assessments of children's body size and composition are described in detail in an associated publication. 8 In summary, at 2-3 years of age, children's weight, height and waist circumference measurements were used to calculate BMI and waist circumference to height ratio (WHR). 13 Total body water was estimated using the deuterium oxide dilution technique 14 and was converted to fat-free mass using age-and genderspecific hydration constants. 15 Fat mass was calculated as the difference between weight and fat-free mass. Fat mass index (FMI) and fat-free mass index (FFMI) were calculated by dividing fat-free/fat mass in kilograms by the square of height in metres. 16 BMI Z scores were calculated using WHO BMI-for-age reference data.
11 WHR, FFMI and FMI Z scores were calculated using the LMS method 17 using values calculated from the National Health and Nutrition Examination Survey datasets.
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Statistics SPSS (version 23; IBM Corp., Armonk, NY, USA) was used to perform all statistical analyses. Independent t-test and analysis of variance (ANOVA) were used for categorical variables, while Pearson's correlation was used for continuous variables. Multiple linear regression was used to explore the influence of numerous variables on body composition outcomes. Normality of variables was confirmed using the Kolmogorov-Smirnov test. False discovery rate Benjamini-Hochberg procedure was used to adjust P values for multiple testing (false discovery rate corrected P value (pFDR)).
Results
This study utilises previously reported body size and body composition data 8 from 36 children (female = 16) aged 2.24-3.13
(mean: 2.65) years. To explore the hypothesis that birthweight, infant growth velocity and protein-rich food intake at 12 months of age would be significantly associated with children's body composition (FMI and FFMI Z scores) and size (WHR and BMI Z scores) at 2-3 years of age, Pearson's correlation was undertaken, with the results shown in Table 1 . Birthweight Z score showed a trend for an association with BMI Z score at 2-3 years of age (r = 0.42, P = 0.016, pFDR = 0.064) (Fig. S1 , Supporting Information). Growth velocity from 6 to 12 months of age was strongly correlated with body composition at 2-3 years of age, showing a positive relationship with FMI Z score and negative relationship with FFMI Z score ( Table 1 , Fig. S2 , Supporting Information). Rapid (>0.67 Z score change) weight-for-length growth velocity from 6 to 12 months of age was associated with a 1.89 increase in FMI Z score (P = 0.024, pFDR = 0.048) and 1.19 decrease in FFMI Z score (P = 0.012, pFDR = 0.048) at 2-3 years of age (Fig. 1) . Growth velocity from 0 to 6 months was inversely correlated with growth velocity from 6 to 12 months of age (r = −0.790, P = 0.007, n = 9). Animal protein food (r = 0.58, P = 0.002, pFDR = 0.008) (Fig. S3 , Supporting Information); dairy (r = 0.51, P = 0.010, pFDR = 0.040); and meat, fish and egg (r = 0.53, P = 0.006, pFDR = 0.021) serve intakes at 12 months of age were all significantly associated with FFMI at 2-3 years of age. Multiple linear regression confirmed that neither dairy (P = 0.09) nor meat, fish and egg (P = 0.15) serve intakes at 12 months of age were of greater importance in predicting FFMI Z score at 2-3 years of age (df = 2, 33, F = 5.926, R 2 = 0.35,
In addition, children's FFMI Z score was also significantly associated with mother's education level (P = 0.038, t-test) and child delivery mode (P = 0.009, t-test). In summary, our results suggest that FFMI Z score at 2-3 years of age was significantly associated with growth velocity from 6 to 12 months of age, animal protein food intake at 12 months of age, mother's education level and delivery mode (Fig. 2) . Linear regression found that growth velocity from 6 to 12 months of age and animal protein food intake at 12 months of age together predicted 87.7% of the variance in FFMI Z score at 2-3 years of age (R 2 = 0.908, adjusted R 2 = 0.877, P = 0.001), with the addition of mother's education level or delivery mode not providing any significant improvement on the predictive power of the models (Table S1 , Supporting Information). Growth velocity from 6 to 12 months of age alone was associated with a remarkably high percentage of variance (50.8%) in FFMI Z score at 2-3 years of age. However, these findings should be interpreted with caution due to the small number of children (n = 9) with data available for both growth velocity from 6 to 12 months of age and FFMI at 2-3 years of age. We next explored the association between infant breast milk or formula consumption and body composition at 2-3 years of age. Milk feeding category (breastfed, combined fed, formula fed) at 4, 6, 9 and 12 months of age was not associated with body composition at 2-3 years of age (P > 0.05, ANOVA). However, a trend was noted for children who consumed formula at 9 months of age to have low FMI Z scores at 2-3 years of age (P = 0.016, pFDR = 0.06, n = 26), compared with those who received no formula at 9 months of age. A gender-specific analysis was undertaken due to the significant difference in FMI Z scores seen by gender (P = 0.01). 8 Among boys, formula consumption at 9 months of age was associated with a decrease in FMI Z score of 2.1 (P = 0.023, pFDR = 0.046, n = 13) and a decrease in BMI Z score of 1.38 (P = 0.006, pFDR = 0.024, n = 14) at 2-3 years, whereas no significant differences were observed for girls (Table S2 , Supporting Information). *pFDR < 0.1; **pFDR < 0.05. Max, maximum; Min, minimum; pFDR, P values for multiple testing false discovery rate corrected P value; SD, standard deviation.
Discussion
Increased prenatal growth, as indicated by increased birthweight, and fast early post-natal growth are considered risk factors for later overweight and obese phenotypes. 2 Here, we report a trend for an association between birthweight and BMI but not FMI or FFMI Z scores at 2-3 years of age, suggesting that larger babies became larger but not more adipose children. Weight-for-length growth velocity from 6 to 12 months of age was strongly associated with body composition at 2-3 years of age, showing a positive association with FMI and negative association with FFMI Z scores. Growth velocities from 0 to 6 months and 6 to 12 months of age were inversely correlated, which is consistent with the associations between monthly deviations in weight-forage Z scores being positive in the first 6 months of life and negative in the second 6 months of life. 21 BMI increases until around 9 months of age, before steadily declining until the adiposity rebound in mid-childhood. 11 The peak in BMI occurs at the same time as the initiation of the infant childhood growth transition (ICT), which is characterised by an abrupt increase in linear growth velocity. 22 It has been shown that each month of delay in ICT past 6 months results in a linear growth deficit of around 0.5 cm in final adult height, 22 while the peak BMI and the age at which it is reached have both been shown to be significantly positively associated with BMI and body fat percentage at 6 years of age. 23 The only study 24 that has explored the association between infant growth and adult body composition found that, although BMI at 9 months of age was positively associated with BMI at 20 years of age, it was a much stronger predictor of FFMI than FMI. In addition, increased BMI at 9 months of age was associated with slower age-related increases in BMI, FFMI and FMI, resulting in larger infants being predicted to have lower BMI and FMI in later adulthood. This provides further confirmation that reducing early life growth may not be an appropriate strategy for reducing obesity and associated comorbidities in later life. Protein intake in early life is proposed to stimulate early growth through increased IGF-1 secretion. 7 At 36 months of age, IGF-1 levels have been shown to be associated with FFMI but not FMI, 25 which is consistent with our finding that animal protein food intake at 12 months of age was positively associated with FFMI Z score, but not FMI Z score, at 2-3 years of age. The initiation of the ICT is associated with a rise in serum levels of IGF-1.
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It could be hypothesised that protein-associated IGF-1 secretion stimulates an earlier ICT resulting in increased adult stature and fat-free mass.
A strength of this study is the use of FFMI and FMI to quantify body composition. Many studies rely on measures of body size to assess growth outcomes, while others limit their assessment of body composition to percentage fat mass, which is unable to distinguish between fat or fat-free mass alterations in body composition. 16 A second strength of this study is the use of data collected longitudinally as part of the FQBS on infant diet and growth, minimising the potential for recall bias. Among the limitations of the study are the reliance on parental-reported weights and lengths collected by the FQBS for the weight-for-length growth velocities, a factor that has the potential to limit their accuracy. Furthermore, the sample size available for analysis was limited to participants whose weight and length data were collected within the specified time frames.
Conclusion
The results of this small study raise concerns that current strategies to reduce protein consumption and associated growth velocity in the first 6 months of life may in fact limit growth in fat-free mass, which could predispose to adiposity in later life. Further larger studies are required that consider both fat-free and fat mass growth to help guide infant feeding strategies to limit the epidemic of adiposity-associated metabolic disease.
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